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Description 

Background of the invention 

The present invention relates to a method for preparing low molecular weight acrylic polymers, 

5 polymers obtainable by this method and their use as fllm-formlng vehicle in coating compositions 
* f ?w?5?i''^**^" l®.^ molecular weight acrylic polymers for use in formulating low volatile organic 
content (VOC) compositions has become increasingly important It has been found, however that 
decreased molecular weight, in and of itself, is not a total solution because film properties such as hardness 
and durability are generally detrimentally affected as the molecular weight of the polymer decreases. This 

ro phenomenon has been explained on the basis of deficient functionality. That is, that low molecular weight 
polymers with fewer than two functional groups cannot contribute to a crosslinking networic and thus tend 
to give poor film properties, 

A nnVlln^t!^^u f^^^^^^^ ^® addrsss these difficulties In a number of ways, for example, US~A— 
4,075,242 which discloses a polymerization process conducted at temperatures in excess of about 150'C 
fs and in the presence of a high boiling solvent as a polymerization medium, the preferred being benzyl 
alcohol. Often, however, it is desirable to prepare an acrylic based coating composition which has modified 
properties, but yet, still has a low VOC. There is a need for such a method of preparation and the resultant 
products. 

DE— A--27 43 969 refres to stable solvent borne polymer dispersions. The polymerization of vinyl 
20 monomers in an organic hydrocarbon is done in the presence of an alkyd resin and a free radical forming 
initiator. ^ 

lnp&-A— 2936623 a process for preparing acrylic polymers is disclosed wherein acrylic resins are 
reached with polycarboxylic acids and methylol ethers of urea and/or aminotriazine formaldehyde 
condensates and alcohols to form condensation products. The products can be used for solvent based 
2S solvent free or water based coating compositions. 

EP— 72 979 is directed to water-dilutable alkyd and acrylate resins which are prepared by polymerizing^ 
monomers of acrylic acid derivatives or methacryltc add derivatives In an aqueous dispersion of an alkyd V 
resin. ' 

It is the object of the invention to provide acrylic based coating compositions having a low volatile 

30 organic content and also good film properties such as hardness and durability and a method for preparing 
useful film-forming resin compositions. 

This object is attained by a process of vinyl addition polymerization of a vinyl monomer component of 
which at least 30 percent by weight is^^jj^iSSlhli^rogenicontairiing vinyl monomer, the balance of the 
vinyl monomer component can include other monomers containing polymerizabte vinyl unsaturation in 

35 the presence of an active hydrogen-containing polymer and a polymerization initiator, characterized in that 
the poiymenzation is conducted at a temperature within the range of IBCTC to 250X in the presence of 
polyester polyols, poly(ester-urethane) polyols, polyepoxides and polyester-polyepoxides having a 
number average molecular weight determined by gel permeation chromatography using a polystyrene 
standard of less than 3000 as active hydrogen-containing polymer and a solvent having a boiling point of at 

^ least 150"C resulting in a liquid ungelled polymeric reaction product having a number average molecular 
weight determined by gel permeation chromatography using a polystyrene standard up to 3000 and a 
polydispersity within 1.2 to 2.5, 

The process of the invention provides ungelled reaction products wherein at least 80 percent by weight 
of the polymeric reaction product contains active hydrogen functionality. 

^ The solution of the problem includes the use of the ungelled polymeric reaction product of the 
invention as specified above as film-fomnlng vehicle in coating compositions having a low volatile organic 
content of up to 0.419 kg/1 determined according to ASTM-D-3960 and comprising a curing agent to cure 
said ungelled polymeric reaction products. 

so Detailed description of the Invention 

The polymeric reaction product of the present invention has a number average molecular weight of up 
to 3000, preferably up to 2000 and a polydispersity of within 1.2 to 2.5. The reaction product is preferably 
substantially free of polymeric species that do not contain active hydrogen functionality. By this is meant 
that at least 80 percent of the polymeric reaction product which is formed contains active hydrogen 

65 functionality. Active hydrogen functionality for the purposes of tills application includes hydroxyl, amino, 
thiol, amide, methylolamide, carboxyl, and sulfonic acid. 

The reaction product is ungelled and usually liquid. By this is meant that the product is fluid In nature 
and is substantially free of gelled polymeric particles. The polydispersity of tiie polymeric reaction product 
IS equal to the weight average molecular weight divided by the number average molecular weight 

60 The ungelled polymeric reaction product is prepared by a process which comprises the vinyl addition 
polymerization of a vinyl monomer component of which at least 30 percent by weight is an active 
hydrogen^ontaining vinyl monomer. Preferably at least 75 percent by weight of the vinyl monomer 
component is an active hydrogen-containing vinyl monomer. Suitable functional monomers include 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl 

6S methacrylate, 2-hydroxybutyl methacrylate, the reaction product of an epoxy functional acrylate or 
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methacrylate such as glycidyi acryiate or glycidyl methacrylate with a carboxylic acid such as acetic acid or 
a mineral acid such as sulfuric acid; methacrylic acid; acrylic acid; acrylamide; an N-methyloi-acrylamide 
such as the reaction product of acrylamide with formaldehyde; N-butoxymethyl acrylamide; 
tertlarybutylamlnoethyl methacrylate; and sulfoethyl methacrylate. 

s Preferably 2-hydroxypropyl acryiate or methacrylate or 2-hydroxyethyl acryiate or methacrylate are 
utilized. The balance of the vinyl monomer component can include a variety of other monomers which 
contain polymerizable vinyl unsaturation. For example, alkyl acrylates and methacrylates which contain 
from 1 to 18 carbon atoms, preferably 1 to 6 carbon atoms in the alkyl portion such as methyl 
imeth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, pentyl (meth)acrylate, 

10 hexyl (meth)acrylate, heptyl (meth)acrylate. 2-ethylhexyl methacrylate, lauryl (meth)acrylate, stearyl 
imeth)acrylate, isodecyl (meth)acrylate and isobomyl (meth)acrylate. Also useful are styrene, para-methyl 
styrene, and alpha-methyl styrene. Mixtures of the aforesaid monomers can also be utilized if desired. 

The molecular weights of the ungelied polymeric reaction products of the present invention are 
determined by gel permeation chromatography using a polystyrene standard. Therefore, it is not the actual 

IS molecular weight which is measured but an indication of the molecular weight as compared to polystyrene. 
The values which are obtained are commonly referred to as polystyrene numbers; however, for the 
purposes of this application they are referred to as molecular weights. 

In measuring the number average molecular weight using polystyrene as the standard, a Waters 
Associates gel permeation chromatograph Model 201 was used. Six micro-Styragel columns were used. 

20 Each column measured 30 centimeters In length and had an inside diameter of 7.8 millimeters. A 
differential ref ractometer was used as detector, and the columns were arranged according to their pore size 
on the order of 10^ 10^ 10^ 10®, 500, 100x10'^^ m (Angstroms) with the 10"® cm (10' Angstroms) column 
being the first one. Tetrahydrofuran was used as a solvent with a flow rate of 2.0 ml/minute. The quality of 
the columns is checked by their "theoretical plate number" determined from orthodichlorobenzene. For the 

25 purposes of this application, those columns with theoretical plate numbers greater than 3000/30 cm were 
used. 

To determine molecular weight by gel permeation chromatography (GPC), the instrument is first 
calibrated using a polystyrene standard. Polystyrene standards used were purchased from Pressure 
Chemicals Company, Pittsburgh, Pennsylvania. The polystyrene standards have dispersities 

30 (dispersity=welght average molecular weight/number average molecular weight) ranging from 1.05 to 
1.10. The viscosity average molecular weights of the polystyrene standards used were 850,000; 233,000; 
47,400; 17,400 and 3,600. To obtain a calibration curve, a set of 0.1 percent (10 milligram polystyrene/1 .0 ml 
tetrahydrofuran) polystyrene solutions in tetrahydrofuran were prepared, and a 0.5 ml sample size was 
injected Into the columns and a GPC chromatogram was obtained. The elution volume of each peak 

35 corresponding to a given molecular weight of the polystyrene standard was measured, and the data was 
plotted on a semilogarithmic paper (logarithm scale In the ordinate and linear scale in the abscissa). A 
linear least squares plot of logic (molecular weight) versus elution volume in milliliters is used as a 
calibration cur^e. The lowest molecular weight of the polystyrene standard used was 3,600, and the 
calibration curve beyond that was extrapolated down to 100. The upper and lower exclusion limits of this 

40 set of columns are 5,000,000 and 100, respectively, in temns of polystyrene molecular weight The sample 
whose molecular weights are to be determined was prepared as a 1.0 percent tetrahydrofuran solution. 
After filtration through a 0.5 \xn\ filter, available from Millapore Corporation, a 0.5 ml sample size was 
injected Into the columns and a GPC chromatogram obtained under the same experimental conditions as 
the calibration. From the resulting calibration curve of molecular weight versus retention time, a molecular 

45 weight relative to the standard can be assigned to the retention times of the sample. The height (H) of the 
curve at the corresponding retention times is recorded by the computer. From these height-molecular 
weight (M) combinations, the following averages are calculated: 

IH 

so Number average molecular weight^ 

ZH/M 

This Is the number reported. 

The vinyl addition polymerization of the claimed invention is conducted in the presence of a specific 
55 active hydrogen-containing polymer having a number average molecular weight of less than 3000. The 
used polymers are polyester polyols, poly(ester-urethane) polyols, polyepoxides, and polyester- 
polyepoxides. 

Polyester polyols, which can be used as the polyol component of the invention, can be prepared by the 
polyesterification of an organic polycarboxylic acid or anhydride thereof with organic polyols and/or an 
eo epoxide. Usually, the polycarboxylic acids and polyols are aliphatic or aromatic dibasic acids or acid 
anhydrides and diols. 

The diols which are usually employed in making the polyester include alkylene glycols, such as 
ethylene glycol, neopentyl glycol and other glycols such as hydrogenated Bisphenol A, cyclohexanediol, 
cyclohexanedlmethanol, caprolactonedlol, for example, the reaction product of epsilon-caprolactone and 
55 ethylene glycol, hydroxy-alkylated bisphenols and polyether glycols, for example, poly(oxytetramethylene) 
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glycol. Polyols of higher functionality can also be used. Examples include trimethyloipropane, 
tiimethylolethane and pentaerythritot, as well as higher molecular weight polyols such as those produced 
by oxyalkylating lower molecular weight polyols. An example of such a higher molecular weight potyol is 
the reaction product of 20 moles of ethylene oxide per mole of trimethylolpropane. Some monofunctional 

s alcohols such as normal propyl alcohol and normal butyl alcohol can be used in the polyesterification. 
The acid component of the polyester consists primarily of monomeric carboxylic acids or anhydrides 
having 2 to 18 carbon atoms per molecule. Among the acids which are useful are phthalic acid, isophthalic 
acid, terephthalic acid, tetrahydrophthalic acid, hexahydrophthaiic acid, adipic acid, azeiaic acid, sebacic 
acid, maleic acid, glutaric acid, chlorendic acid and tetrachlorophthalic acid. The polyester may include 

^0 minor amounts of monobasic acids such as benzoic acid, stearic acid, acetic acid and oleic acid. Also, there 
may be employed higher polycarboxylic acids such as trimellitic acid and tricarpoiycarboxyiic acids such as 
trimeilitic acid and tricarballylic acid. Where acids are referred to above, it is understood that anhydrides of 
those acids which form anhydrides can be used in place of the acid. Also, lower alkyl esters of the acids 
such as dimethyl glutarate and dimethyl terephthalate can be used. 

15 Besides polyester polyols formed from polybasic acids and polyols, polylactone-type polyesters can be 
also be employed. These products are formed from the reaction of a lactone such as epsilon-caprolactone 
and a poiyol. 

The poly(ester-urethane) polyols are formed by reacting an organic polyisocyanate with a polyester 
polyol as described above. The organic polyisocyanate is reacted with the poiyol so that the OH/NCO 
20 equivalent ratio is greater than 1 :1 so that the resultant product contains free hydroxyl groups. The organic 
polyisocyanate which is used in preparing the polyurethane polyols can be an aliphatic or an aromatic 
polyisocyanate or a mixture of the two. Aliphatic polyisocyanates (including cycloaliphatic 
polyisocyanates) are preferred. Also, diisocyanates are preferred, although higher polyisocyanates such as 
triisocyanates can be used. However, their use does result in some chain branching which results In 
25 increased viscosity and difficulties in formulating the coating compositions of the invention. 

Examples of suitable diisocyanates are A A' - diphenylmethane diisocyanate, 1,4 - tetramethylene 
diisocyanate, isophorone diisocyanate and 4,4' • methylene - bis - (cyclohexyl isocyanate). Examples of 
suitable higher functionality polyisocyanates are polymethylene polyphenyl isocyanates. 

The epoxide resins are those compounds having a 1,2 epoxide group present in the molecule. 
30 Hydroxyl groups may also be present and often are. Polyepoxides contain more than one 1,2-epoxy group 
per molecule. In general, the epoxide equivalent weight will range from 140 to 4,000. These polyepoxides 
are saturated or unsaturated, cyclic or acyclic, aliphatic, alicyclic, aromatic or heterocyclic. They can contain 
substltuents such as halogen, hydroxy! and ether groups. 

One useful class of polyepoxides comprises the epoxy polyethers obtained by reacting an 
epihalohydrin (such as epichlorohydrin or epibromohydrin) with a polyphenol in the presence of an alkali. 
Suitable polyphenols include resorcinol, catechol, hydroquinone, bis(4 - hydroxyphenyl) - 2,2 - propane, 
i.e., bisphenol A; bis(4 - hydroxyphenyl) • 1,1 - isobutane; 4,4 - dihydroxybenzophenone; bis(4 - 
hydroxyphenyl) -1,1 - ethane; bis(2 - hydroxynaphenyl) -methane; and 1,5 - hydroxynaphthalene. One 
very common polyepoxide is a polyglycidyl ether of a polyphenol, such as bisphenol A. 
^ Another class of epoxy resins are the polyglycidyl ethers of polyhydric alcohols. These compounds 
may be derived from such polyhydric alcohols as ethylene glycol, diethylene glycol, triethylene glycol, 
1,2 - propylene glycol, 1,4 • butylene glycol, 1,5 - pentanedlot, 1,2,6 - hexanetriol, glycerol, 
trimethylolpropane, and bis(4 - hydroxycyclohexyl) - 2,2 • propane. 

Another class of epoxide resins are the polyglycidyl esters of polycarboxylic acids. These compounds 
^ are produced by the reaction of epichlorohydrin or a similar epoxy compound with an aliphatic or aromatic 
polycarboxylic acid such as oxalic acid, succinic acid, glutaric acid, terephthalic acid, 2,6-naphthalene 
dicarboxylic acid and dimerized linoleic acid. 

Still another class of polyepoxides are derived from the epoxidation of an olefinically unsaturated 
alicyclic compound. These polyepoxides are non-phenolic and are obtained by epoxidation of alicyclic 
^ olefins, for example, by oxygen and selected metal catalysts, by perfoenzoic acid, by acid-aldehyde 
monoperacetate or by peracetic acid. Among such polyepoxides are the epoxy alicyclic ethers and esters 
well fcnown in the art 

Useful polyepoxides also include those containing oxyalkytene groups in the epoxy molecule. Another 
class of polyepoxides consists of the epoxy novolac resins. These resins are obtained by reacting an 
^ epihalohydrin with the condensation product of aldehyde and monohydric or polyhydric phenols. A typical 
example is the reaction product of epichlorohydrin with a phenolformaldehyde condensate. 

Also useful are materials produced by chain extending a carboxyl functional polyester with an 
epoxy-containing material. 

The epoxy resins can be defunctionalized by carboxylic acids, alcohol, water, phenols, mercaptans or 
^ other active hydrogen-containing compounds to give hydroxyl-containing polymers. 

Preferably a polyester poiyol is utilized having a hydroxy! number within the range of 80 to 350 and 
typically an acid value within the range of 1 to 10. 

The vinyl addition polymerization reaction is conducted at a temperature within the range of 150°C to 
250''C, preferably 170X to 210X. There is generally present a free radical initiator which is typically selected 
^ from peroxides and hydroperoxides. Examples of these types of Initiators include di-tertiarybutyl peroxide. 
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di-cumylperoxide; cumenehydroperoxide; 2,S dimethyl - 2,S - bieftertiarybutyfperoxy) hexane; hexyne - 
3 - tertiarybutyl cumylperoxide; tertiaryamyl peroxide; 23 - diliydroperoxy 2,5-dimethyl hexane. 

The Initiator is usually present in an amount ranging from 0.10 percent to 10 percent the percentage 
based on the weight of the vinyl monomer component. There Is additionally present during the vinyl 

^ addition polymerization a solvent having a boiling point of at least 1 SOX. The solvent assists in maintaining 
the preferred reaction temperature. Examples of these solvents include methyl amyl ketone, benzyl 
alcohol, methyl benzyl alcoholr diisopropyl benzene, cumyl alcohol and isopropyl benzene. Preferably, 
benzyl alcohol is utilized. 

The ungelled polymeric reaction products of the present invention are useful as film-forming vehicles 

10 in the preparation of coating compositions such as, for example, clear coating compositions useful in 
automotive applications. The resultant coating compositions have low volatile organic content, generally 
to a maximum of 419.5 g/i (3.50 pounds/gallon), preferably up to 371.5 g/l (3.1 pounds/gallon), and the 
cured film exhibits good hardness. It has been observed that the VOCs of the reaction products of the 
present invention which are prepared in the presence of a polymer having active hydrogen functionality are 

IS lower than VOCs obtained if the vinyl monomer component is polymerized and the resultant polymer 
blended with the polymer having active hydrogen functionality. The active hydrogen-functional polymeric 
reaction products are usually utilized in conjunction with curing agents which are capable of reacting with 
the active hydrogens on the polymeric product. Examples of suitable curing agents are aminoplast and 
isocyanate curing agents, including blocked polyisocyanates. 

20 Aminoplast condensates are obtained from the reaction of formaldehyde with an amine or an amide. 
The most common amines or amides are melamine, urea or benzoguanamine, and are preferred. However, 
condensates with other amines and amides can be employed, for example, aldehyde condensates or 
triazines, triazoles, guanidines, guanamtnes and alkyl and aryl di-substituted derivatives of such 
compounds including alkyl and aryi-substituted ureas and alkyi and aryl-substituted melamines and 

25 benzoguanamines. Some examples of such compounds are N,N-dimethylurea, N-phenylurea, 
dicyandiamide, formoguanamine, acetoguanamine, 6 - methyl - 2,4 - diamino - 1,3,5 - triazine, 3,5 - 
diaminotriazole, triaminopyrimidine and 2,6 - triethyltriamine • 1,3,5 - triazine. 

While the aldehyde employed is most often formaldehyde, other aldehydes such as acetylaldehyde, 
crotonaidehyde, benzaldehyde and furfural may be used. 

30 The aminoplast contains methylol or similar alkylol groups are preferably at least a portion of these 
alkylol groups are etherified by reaction with an alcohol to provide organic solvent-soluble resins. Any 
monohydric alcohol can be employed for this purpose including such alcohols as methanol, ethanol, 
butanol and hexanol. 

Preferably, the aminoplasts which are used are melamine, urea- or benzoguanamine-formaldehyde 
3S condensates etherified with an alcohol containing 1 to 4 carbon atoms such as methanol, ethanol, butanol 
or mixtures thereof. 

Polyisocyanates and blocked polyisocyanates may also be used as curing agents. Examples of suitable 
polyisocyanates include monomeric polyisocyanates such as toluene diisocyanate and 4,4' - methylene - 
bis - (cydohexyt isocyanate), isophorone diisocyanate and NCO-prepolymers such as the reaction 

40 products of monomeric polyisocyanate such as those mentioned above with polyester of polyether 
polyols. Particularly useful isocyanates are the isocyanate from isophorone Isocyanate commercially 
available from Veba Company as T1890 and the biuret from 1,6-hex8methylene diisocyanate commercially 
available from Bayer as Desmodur® N.The polyisocyanate may optionally be blocked. Examples of suitable 
blocking agents are those materials which would unblock at elevated temperatures such as low aliphatic 

4S alcohols such as methanol, oximes such as methyl ethyl ketone oxime, and lactams such a caprolactam. 
Blocked isocyanates can be used to form stable one-package systems. Polyfunctions! isocyanates with free 
isocyanate groups can be used to form two-package room temperature curable systems. In these systems, 
the product and isocyanate curing agent are mixed just prior to their application. 

The following examples are illustrative of the invention and are not meant to limit it to their details. 

Example I 

Example I as well as Examples II and III which follow were prepared from 75 percent of a polyester 
polyol component and 25 percent of a vinyl monomer component. 
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Charge A 


Parts by weight <grams) 


5 


Hydroxyl-functtonal polyester^ 
Benzyl alcohol 

Charge B 


1232 
154 


10 


2-Hydroxyethyl methacrylate 
Benzyl alcohol 

Charge C 


308 
154 


19 


Benzyl alcohol 
Di-tertiarybutyl peroxide 

wnarge u 


140 
15.4 




Di-tertiarybutyl peroxide 


1.232 


20 


Charge E 






Di-tertiarybutyl peroxide 


1.232 



2^ ^ This polyester polyol was prepared from neopentyl glycol and hexahydrophthalic anhydride at a molar 
ratio of 2 to 1 and had a hydroxyl value of 312 and acid number of 4. 

A reactor vessel was charged with A and heated to 200*C. Subsequently, while maintaining the 
temperature at 190*^C to 200**^ charges B and C were added continuously over a period of 4 hours; charge B 
at a rate of 28 milliliters per 15-minute period; charge C at a rate of 10 milliliters per 15-minute period. 
Charge D was then added, and after the addition of D was complete, the reaction mixture was maintained at 
reflux for one hour, then charge E was added, and the reaction mixture held at reflux for one and one-half 
hours. The resultant reaction product had a number average molecular weight of 398 (as determined by 
GPC using a polystyrene standard) and a polydispersity of 1.48. The benzyl alcohol was removed by 
vacuum distillation to give a product having an actual total solids content of 93.8 percent with a 
Gardner-Bubble viscosity of -Z^"*. 

Example II 





Charge A 


Parts by weight (grams) 


40 


Hydroxyl-fiinctionat polyester^ 


825 




Benzyl alcohol 


110 




Charge B 




4S 


Hydroxypropyl acrylate 


110 




Styrene 


55 




Butyl acrylate 


55 




Butyl methacrylate 


55 


SO 


Benzyl alcohol 


110 




Charge C 






Benzyl alcohol 


100 


5S 


Di-tertiarybutyl peroxide 


13.75 




Charge D 






Di-tertlarybutyl peroxide 


1.10 


60 


Charge E 





Di-tertiarybutyl peroxide 1.10 



^ This polyester polyol is described in footnote \ above. 
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A reactor vessel was charged with A and heated to reflux. Subsequently, while maintaining the 
tenriperature at reflux, charges B and C were added continuously over a period of 4 hours; charge B at a rate 
of 26 milliliters per 15-minute period; charge C at a rate of 7 milliliters per 15-mlnute period. Charge D was 
then added* and after the addition of D was complete, the reaction mixture was maintained at the reaction 
s temperature for one hour; then charge E was added, and the reaction mixture held at temperature for one 
and one-half hours. The resultant reaction product had a Gardner viscosity of W at 70 percent total solids, a 
number average molecular weight of 454 as determined by GPC using a polystyrene standard and a 
polydispersity of 1.67. 

fo Example 111 



Charge A 


Parts by weight 


Polyester-urethane^ 


880 


Benzyl alcohol 


110 


Charge B 




2-Hydroxyethyl methacrylate 


165 


Butyl acrylate 


55 


Benzyl alcohol 


110 


Charge C 




Benzyl alcohol 


100 


Di*tertiarybutyl peroxide 


13.75 


Charge D 




Di-tertiarybutyl peroxide 
Charge E 


1.10 


Di-tertiarybutyl peroxide 


1.10 



3S ^ The polyester urethane was prepared by chain extension of the aforesaid polyester using 1,6-hexanedio} 
and trimethylene hexamethylenediisocyanate. The polyester urethane was prepared from 50 weight 
percent of the polyester, 25 weight percent each of the diol and diisocyanate. The hydroxy! number at 100 
percent total solids was 101. 

40 A reactor vessel was charged with A and heated to a temperature of 200*'C. Subsequently, while 
maintaining the temperature at 189"C to 200X, charges B and C were added continuously over a period of 4 
hours; charge B at a rate of 20 milliliters per 15-minute period; charge C at a rate of 7 milliliters per 
1 5-minute period. Charge D was then added, and after the addition of D was complete, the reaction mixture 
was maintained at the reaction temperature for one hour; then Charge E was added, and the reaction 

45 mixture held at temperature for one and one-half hours. The resultant reaction product had a Gardner 
viscosity of Z2 at 75 percent total solids, a number average molecular weight of 673 as determined by GPC 
using a polystyrene standard and a polydispersity of 1.96. 

Examples IV, V and Vi which follow were prepared with 60 percent polyester/40 percent vinyl 
monomer, 50 percent polyester^O percent vinyl monomer, and 40 percent polyester/60 percent vinyl 

so monomer, respectively. 
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Example IV 

Charge A Parts by weight (grams) 

Hydroxyl functional polyester^ 660 
Benzyl alcohol 110 

Charge B 

2-Hydroxyethyl methacrylate 440 
Benzyl alcohol 110 

Charge C 



Benzyl alcohol 100 
Di-tertiarybutyl peroxide 22 

Charge D 



Dl-tertfarybutyl peroxide 1.76 
Charge E 



Dl-tertiarybutyl peroxide 1.76 

^ As described in footnote \ above. 

This Example was conducted just as Example t, above, with the exception that charge B was added at a 
rate of 33 milliliters per 15 minute period and charge C was added at a rate of 7.8 milliiiters per 15 minute 
period. 431.5 grams of solvent was removed by distillation to yield a product having a Gardner viscosity of 
X at 79 percent total solids. The resultant reaction product had a number average molecular weight of 400 
(as determined by GPC using a polystyrene standard) and a poiydispersity of 1.63. 



Example V 



Charge A 


Parts by weight 


Hydroxyl functional polyester^ 


550 


Benzyl alcohol 


110 


Charge B 




2-Hydroxyethyl methacrylate 


550 


Benzyl alcohol 


110 


Charge C 




Benzyl alcohol 


100 


Di-tertiarybutyl peroxide 


27.5 


Charge D 




Di-tertlarybutyl peroxide 

Charge E 


2.2 



ss Dhtertlarybutyl peroxide 2.2 

' As described In Example I, above. 

This Example was conducted just as Example I, above, with the exception that charge B was added at a 
60 rate of 38 milliliters per 15 minute period and charge C was added at a rate of 8 milliliters per 15 minute 
period. 320 grams of solvent were removed by vacuum distillation to yield a product having a Gardner 
viscosity of 2^ at a total solids content of 79.8 percent The resultant reaction product had a number average 
molecular weight of 437 (as determined by GPC using a polystyrene standard) and a poiydispersity of 1.73. 
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Charge A 


Parts by weight (grams) 


5 


Hydroxyl functional poiyester® 
Benzyl alcohol . 

Charge B 




440 
110 


10 


2-Hydroxyethyl methacrylate 
Benzyl alcohol 

Charge C 




660 
110 


IS 


Benzyl alcohol 
Di-tertiary butyl peroxide 

Charge D 




100 
33 


20 


Di-tertlarybutyl peroxide 
Charge E 




2.64 




Di-tertlarybutyl peroxide 




2.64 



25 " As described in footnote \ above. 

This Example was conducted just as Example I, above with the exception that charge B was added at a 
rate of 44 milliliters per 15 minute period and charge C was added at a rate of 8.2 milliliters per IS mmute 
oeriod. 411.9 arams of solvent were removed by vacuum distillation to yield a product having a Gardner 
30 viscosity of Z* at a total solids of 79.2 percent. The resultant product had a number average molecular 
weight of 464 (as determined by GPC using a polystyrene standard) and a polydispersity of 1.90. 

^^TtS ^nacSoV produlte prepared in the above Examples were formulated into clear coating 
35 compositions utilizing 30 percent (Group A). 50 percent (Group B) and 70 percent (Group C) levels of a 
melamine-formaldehyde crosslinking agent. The ingredients and respective amounts are detailed in Table 

'*T?e "clear coating compositions were prepared by combining the ingredients together with agitation. 
The volatile organic content of each of the coating compositions was detennined according to A5TM 

40 D-3960 and is set out in Table II. below. The method involves weighing a sample of coating composition, 
heating it for one hour at 1 1 and then weighing It again. The residue includes resins, pigments, and any 
other component not volatilized at the test temperature. The conipositions «P«V 
metal panels which had been coated twice with a pigmented Po'ye8tef-»»~»«* ^^'P^*^^^^ 
commercially available from PPG Industries, Inc., as UBC. Each basecoat coat was flashed tor 1.5 minutes 

4S at room temperature. The clear compositions were also applied in two coats with a 1 .5 minute flash at room 
temperature between coats. After the second coat was applied, it was flashed for 5 ^'n^rtes at room 
temperature and then baked for 30 minutes at 12rc (250-F). The films were evaluated for Tukon hardness^ 
Tukon hardness is determined by the r'=™scopicr.rJ".f °" ^^^ l]^ 



50 



ff5 



€0 



TUKOn naraness is aeierminesu uy uio iiiiwwawwK-iw w#%««>>....«.<»w.. ^. ^- - Ata 

rmondindentorusinga20x obiecthfe lens anda25gramload.ARIar units scale rang.^^ 
is used to convert from Filar units to Knoop hardness referred to here as Tukon hardness. The results are 



also set out below in Table II. 



9 



EP 0 184 761 B1 

TABLE I 
Part8 by weight (grams) 



Group A Example 



Group B Example 



Group C Example 



Ingredients 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Polymeric reaction 
product of: 

10 


























Ex. 1 


74.6 








533 








32.1 








Ex. IV 




88.6 








63.2 








38.0 






W Ex. V 






87.7 








62.6 








37.6 




Ex. VI 








88.4 








63.2 








37.9 


Cymel® 1130* 

20 


30 


30 


30 


30 


50 


50 


50 


SO 


70 


70 


70 


70 


TInuvIn* 328'' 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Rheoiogy modifier" 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


4.5 


^ Polymeric, flow and 
crater additive" 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


0J9 


IVIethanol 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


^ Catalyst solution* 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 



Methyl amyl ketone added to achieve a sprayable solids content of 70 percent by weight 

" ^ methylated, butylated melamine-formaldehyde crosslinking agent which is commercially available 

from American Cyanamid. 
^ A hindered amine ultraviolet light absorber which is commercially available from Ciba-Geiav 

As described in aS.-A-4,147,688, Example II. 

Polybutylacrylate. 

^ • A 30 percent solution in isopropanol of amine blocked dinonylnapthalene disutfonic acid. 

TABLE II 



Coating composition 



VOC 



Tukon hardness 



so 



ss 



Claims 



Group A: 30% crosslinking agent 

1 3.10 

2 3.94 

3 3.74 

4 3.95 

Group B: 50% crosslinking agent 

5 2.90 

6 3.58 

7 3.62 

8 3.78 

Group C: 70% crosslinking agent 

9 2.78 

10 3.38 

11 3.44 

12 3.61 



10.1 
15.05 
14.15 
14.76 



3.65 
13.20 
13.90 
13.40 



<2 
10.75 
12.25 
13.05 
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component can include other monomers containing polymenzable vinyt unsaturation in the presence of an 
active hydrogen-containing polymer and a polymerization initiator characterized in that the polymerization 
is conducted at a temperature within the range of ISO^'C to 2&yC in the presence of .polyester polyots, 
poly(ester-urethane) polyois, polyepoxides and polyester-polyepoxides having a number average 

5 molecular weight (determined by gel permeation chromatography using a polystyrene standard) of less 
than 3000 as active hydrogen-containing polymer and a solvent having a boiling point of at least 150^C 
resulting In a liquid ungetled polymeric reaction product having a number average molecular weight 
({determined by gel permeation chromatography using a polystyrene standard) of up to 3000 and a 
polydisperstty within 1.2 to 2.5. 

to 2. The process of claim 1, characterized in that, 2-hydroxyethyl acrylate, 2-hydroxyethy! methacrylate, 
2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate are used as vinyl monomer. 

3. The process of claims 1 or 2, characterized in that a polyester polyol having a hydroxyl number 
within the range of 80—350 is used as active hydrogen-containing polymer. 

4. The process of claims 1 — 3 characterized in that the polymerization is conducted at a temperature 
IS within the range of 170 to 210X. 

5. The process of claims 1 — 4, characterized in that peroxides or hydroperoxides are used as 
polymerization free radical initiators in amounts ranging from 0.10 to 10 percent by weight based on the 
weight of vinyl monomer component 

6. The process of claims 1 — 5, characterized in that methyl amyl ketone, benzyl alcohol, methyl benzyl 
20 alcohol, dtisopropyl benzene, cumyl alcohol and isopropyl benzene are used as solvents. 

7. The process of claims 1 — 6, characterized in that, at least 75 percent by weight of the vinyl monomer 
component Is an active hydrogen-containing vinyl monomer. 

8. An ungeiled polymeric reaction product having a polydispersity of within 1.2 and 2.5 and a number 
average molecular weight of up to 3000 (determined by gel permeation chromatography using a 

25 polystyrene standard) and being obtainable by the process of any of claims 1 — 7, wherein at least 80 
percent by weight of the polymeric reaction product contains active hydrogen functionality, 

9. Use of the ungeiled polymeric reaction product of claim 8 as film-forming vehicle in coating 
compositions having a low volatile organic content of up to 0.419 kg/I (3.5 pounds/gallon) determined 
according to ASTM D-3960 and comprising a curing agent to cure said ungeiled polymeric reaction 

30 product 

' PatentansprOche 

1. Verfahren zur Vinyladditionspolymerisation eines Vinylmonomerbestandteils, von dem mindestens 
^ 30 Gew.-% ein aktiven Wasserstoff enthaltendes VInylmonomer sind, der Rest des 

VInylmonomerbestandteils kann andere Monomere einschlieBen, die eine polymerisierbare ungesattigte 
Vinylgruppe enthatten, in Gegenwart eines aktiven Wasserstoff enthaltenden Polymeren und eines 
Polymerisationsstarters, dadurch gekennzeichnet daB die Polymerisation bet einerTemperatur Im Bereich 
von 150*C bis 250^*0 ausgefuhrt wird, in Gegenwart von Polyesterpolyolen, Poly(ester - urethan)polyolen, 

^ Potyepoxiden und Polyester - polyepoxiden mit einem zahlenmittleren Molekulargewicht von kleiner 3000 
(durch Gelpermeationschromatographie unter Verwendung von Polystyrolstandard bestimmt) als aktiven 
Wasserstoff enthaltendes Polymer und einem Ldsungsmittel mit einem Siedepunkt von mindestens 150X, 
so daB ein flOssiges, nicht geliertes polymeres Reaktionsprodukt entsteht das ein zahlenmittleres 
Molekulargewicht (durch Gelpermeationschromatographie unter Verwendung von Polystyrolstandard 

^ bestimmt) von bis zu 3000 und eine Polydispersitdt innerhalb 1,2 bis 2,5 aufweist 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet daB 2 - Hydroxyethylacrylat 2 - Hydroxy- 
ethylmethacrylat, 2 - Hydroxypropylacrylat 2 • Hydroxypropylmethacrylat als Vinylmonomer verwendet 
werden. 

3. Verfahren nach Anspruchen 1 oder 2, dadurch gekennzeichnet daB ein Polyesterpolyol mit einer 
SO Hydroxylzahl Im Bereich von 80 bis 350 als aktiven Wasserstoff enthaltendes Polymer verwendet wird. 

4. Verfahren nach Anspruchen 1 bis 3, dadurch gekennzeichnet daB die Polymerisation bei einer 
Temperatur im Bereich von 170 bis 21ffC ausgefOhrt wird. 

5. Verfahren nach Anspruchen 1 bis 4, dadurch gekennzeichnet daB Peroxide oder Hydroperoxide als 
freie Radikale bildende Polymerisationsstarter in Mengen von 0,10 bis 10 Gew.-% bezogen auf Gewicht des 

ss VInylmonomerbestandteils verwendet werden. 

6. Verfahren nach AnsprOchen 1 bis 5, dadurch gekennzeichnet daB Methylamylketon, Benzylalkohol, 
Methylbenzylalkohol, Oiisopropytbenzol, Cumolalkohol und Isopropylbenzol als Ldsungsmittel verwendet 
werden. 

7. Verfahren nach AnsprOchen 1 bis 6, dadurch gekennzeichnet, daB mindestens 75 Gew.-% des 
so VInylmonomerbestandteils ein aktiven Wasserstoff enthaltendes Vinylmonomer sind. 

8. Nichtgeliertes polymeres Reaktionsprodukt mit einer Potydispersitat innerhalb 1,2 und 2,5 und 
einem zahlenmittleren Molekulargewicht von bis zu 3000 (bestimmt durch Gelpermeations- 
chromatographie unter Verwendung eines Polystyrolstandards), das erhSltlich ist durch das Verfahren 
nach jedem der Anspruche 1 bis 7, wobei mindestens 80 Gew.-% des polymeren Reaktionsproduktes aktive 

ss Wasserstoffunktionalitat enthalten. 
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a Verwendung des nichtgelferten polymeren Reaktionsprodulctes von Anspruch 8 als filmbildenden 
Bestandteil von Beschichtungszusammensetzungen mit emern niedrigen, fluchtlgen. organischen Gehalt 
von bi8 zu 0,419 kg/I (3,5 pounds/gallon), bestimmt nach ASTM D-3960, und die ein HSitungsmittel 
enthalten, urn das nlchtgelierte polymere Reaktionsprodukt zu harten. 

Revendicatfons 

1. Proc6de de polym6rlsation d'addition vinylique d'un composant monomere vlnylique dent au mbins 
30 pourcent en poids sont constitute d'un monomer© vinylique contenant de I'hydrogene actif, le rests du 
composant monom&re vinylique pouvant comprendre d'autres monomeres contenant une insaturation 
vlnylique polymerisable, en presence d'un polymdre contenant de I'hydrogene actif et d'un amorceur de 
polymerisation, caract6rise en ce que on r6alise la polymerisation h une temp6rature qui varle de 150*^0 d 
250*C, en presence de polyesterspolyols, de poly{esters-urethannes) polyols, de poly§poxydes et de 
polyesters-poly6poxydes possedant un poids molfculaire moyen en nombre (determine par 
chromatographie de passage h travers gel en utilisant un standard de polystyrene) Inferieur h 3000, d titre 
de polymdre contenant de I'hydrogdne actrf et d'un solvant possedant un point d'§bullitfon d'au moins 
150"C, ce qui se traduit par I'obtention d'une produit de reaction, polymftre, non geiifi6, liquide, poss6dant 
un poids moieculaire moyen en nombre (determine par chromatographie de passage h travers gel en 
utilisant un standard de polystyrene) s'eievant jusqu'e 3000 et une polydispersite qui fluctue de 1,2 e 2,5. 
20 2. Procede suivant la revendication 1, caracteris6 en ce que on utilise, h titre de monom6re vinylique, 
I'acrylate de 2-hydroxyethyle, ie methacrylate de 2-hydroxy6thyIe, I'acrylate de 2-hydroxyproDyle le 
methacrylate de 2-hydroxypropyle. fj > 

3. Precede suivant les revendications 1 ou 2, caracterise en ce que on utilise un polyester-polyol 
possedant un tndice d'hydroxyle qui varle de 80 h 350 h titre de polymdre contenant de I'hydrogene actif. 
2S 4. Precede suivant les revendications 1—3, caracterise en ce que on realise la polymerisation k une 
temperature qui varie de 170 h 210X. 

5. Precede suivant les revendications 1—4, caracterise en ce que on utilise des peroxydes ou des 
hydroxyperoxydes k titre d'amorceurs de polymerisation a radicaux libres en proportions qui variant de 
0,10 e 10 pourcent en poids sur base du poids du composant monomfere vinylique. 
30 6, Procede suivant les revendications 1—5, caracterise en ce que on utilise, e titre de solvants, la m6thyl 
amyl cetone, I'alcool benzylique, I'alcool m6thylbenzylique, le dllsopropyl benzdne, I'alcool cumyllque et 
risopropyl benzene. 

7. Procede suivant les revendications 1—6, caracterise en ce que au molns 75 pourcent en poids du 
composant monomere vinylique sont eonstltues d'un monomdre vinylique contenant de I'hydrogene actif. 

35 8. Produit de reaction, polymere, non geiifie, possedant une polydispersite variant de 1,2 e 2,5 et un 
poids moieculaire moyen en nombre allant jusqu'e 3000 (determine par chromatographie de passage d 
travers gel en utilisant un standard de polystyrene) et pouvant §tre obtenu par la mise en oeuvre du 
procede suivant I'une quelconque des revendications 1—7, caracterise en ce qu'au moins 80 pourcent en 
poids du produit de reaction, porym6re, contiennent une fonctionnalite du type hydrogene actif. 

<o 9. Emploi du produit de reaction, polymere, non geiifie, suivant la revendication 8, h titre de vehicule 
filmogene ou feulllogene dans des compositions de revitement comportant une faible teneur en 
substances organiques volatiles, allant jusqu'e 0,419 kg/I, determinee selon la norme ASTM D-3960 et 
comprenant un agent de durclssement destine e durcir le produit de reaction, polymere, non geiifie, 
precite. 
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